Objective: In a clinical trial examining daily clonidine as an adjunct to buprenorphine treatment for opioid dependence, we found that clonidine increased opioid abstinence and decoupled stress from craving. From a personalized-medicine perspective, the next step is to identify people for whom clonidine would be beneficial. To that end, using data from the same clinical trial, we examined the associations of daily-life activities with treatment success. Methods: Outpatients (N ¼ 118) received clonidine (0.3 mg/d) or placebo during 18 weeks of buprenorphine treatment. Participants carried a smartphone that randomly prompted them 4 times per day to report their moods and activities. Using generalized linear mixed models, we assessed the likelihoods of different types of daily activity as a function of clonidine versus placebo, days of longest continuous opioid abstinence, and their interaction. Results: Participants in the buprenorphine-only (buprenorphine plus placebo) control group who engaged in more responsibilities (work and child/elder care) had longer streaks of abstinence, whereas those who engaged in more unstructured-time activities had shorter streaks of abstinence. Conversely, for participants in the buprenorphine-plusclonidine group, longer streaks of abstinence were associated with higher frequencies of activities associated with ''unstructured'' time. Conclusions: The study replicates findings that engaging in responsibilities is related to positive treatment outcomes in standard opioid agonist therapy. The pattern of results also suggests that clonidine helped participants engage in unstructured-time activities with less risk of craving or use than they might otherwise have had.
I n a recently published clinical trial, we tested clonidine as an adjuvant medication for opioid relapse prevention during buprenorphine treatment, and we found that participants randomized to clonidine took longer to lapse and achieved greater durations of opioid abstinence (Kowalczyk et al., 2015) . Using ecological momentary assessment (EMA) data from the same participants, we showed that clonidine helped to reduce the impact of stress on heroin craving. Participants given clonidine in conjunction with their buprenorphine reported less heroin craving at moderate levels of stress than did those taking placebo with their buprenorphine. However, like most medications, clonidine was not helpful for everyone who took it. This can be clearly seen in Fig. 2 of our original report (Kowalczyk et al., 2015) , which displays the longest period of continuous abstinence for each participant. From these data points, we can calculate that the number needed to treat (NNT) for prolonged opioid abstinence with clonidine was roughly 4.0. In what is being called an age of personalized medicine (Vaidyanathan, 2012) , a good next step would be to identify who is most likely to respond to clonidine.
The characteristics of treatment success have been explored within the context of standard opioid agonist maintenance. For example, patients report that positive outcomes are facilitated and sustained by greater engagement in familial and employment responsibilities (Notley et al., 2013) . Using EMA data, we showed patients spent more time with their significant other and children when abstinent from cocaine (Epstein and Preston, 2010) . We have also shown that having a closer marital relationship predicts achievement of abstinence from opioids and cocaine during opioid agonist treatment (Heinz et al., 2009) . Employment has been consistently predictive of success during opioid agonist treatment (Brewer et al., 1998) and can actually be used as an incentive for abstinence (Silverman et al., 2002; DeFulio et al., 2009 ). This is not just a byproduct of the need for income: our EMA data have shown that patients reported less cocaine and heroin craving, less stress, and better mood while they were at work than at all other times (Epstein and Preston, 2012) .
The complement to these findings is that unstructured time-time spent in behavior with no strict schedule or urgent goal-was associated with more craving, more stress, and worse mood, a phenomenon that we have begun to call ''the risk of unstructured time.'' This phrase suggests unidirectional causation, which we acknowledge is unlikely to be the case, but patients who relapse during treatment have frequently cited boredom, or unstructured time, as a cause (Bradley et al., 1989; McKay et al., 2006; Notley et al., 2015) , and in our EMA data, we have shown prospectively that reports of having felt bored in the past hour increase linearly in the 5 hours leading up to cocaine use and heroin craving (Epstein et al., 2009) . Taken together, these findings support the idea that unstructured time can cause problems during treatment.
In the current analyses, using data from our recent clinical trial (Kowalczyk et al., 2015) , we sought to replicate the finding that good outcomes during standard opioid agonist therapy are associated with spending more time on responsibilities, and that the converse is true for unstructured time (Epstein et al., 2009; Preston, 2010, 2012) . We also sought to determine whether randomization to adjuvant clonidine would change those associations, possibly reducing the risk of unstructured time.
MATERIALS AND METHODS

Participants
Participants were treatment-seeking heroin-dependent or prescription opioid-dependent outpatient volunteers. Inclusion criteria were physical dependence on opioids and age between 18 and 60 years. Exclusion criteria were a current psychotic disorder, a history of bipolar disorder or schizophrenia, current major depression, current dependence on alcohol or sedatives, cognitive impairment that would preclude informed consent or valid self-report, pregnancy or breastfeeding, use of contraindicated medications, such as beta-blockers, and medical illness that would compromise participation.
Study Design
A more detailed description of the study design can be found in our report of the main outcomes (Kowalczyk et al., 2015) . The study was an efficacy trial that tested clonidine as an adjuvant medication to buprenorphine for opioid relapse prevention, conducted at our outpatient treatment research clinic in Baltimore. Participants attended the clinic 7 days per week for sublingual buprenorphine (buprenorphine alone: 8-24 mg/d), attended weekly counseling sessions for 28 weeks, and, thrice weekly, provided urine samples under observation that were tested for opioids, cocaine, marijuana, amphetamines, benzodiazepines, and barbiturates. Participants who demonstrated opioid abstinence in weeks 5 and 6 (6 consecutive negative urine screens) were randomized to receive clonidine or placebo (p.o.) in conjunction with their daily buprenorphine. Participants randomized to clonidine were inducted onto a dose of up to 0.3 mg over 2 weeks, and then maintained on that dose for a 12-week intervention phase. Participants continued on buprenorphine treatment for another 8 weeks (maintenance phase) after the end of the intervention phase, beginning with 2 weeks in which participants were slowly tapered off of clonidine. Participants then either transferred to another opioid agonist maintenance program or were tapered off of buprenorphine.
Ecological Momentary Assessment
During the second week of the induction phase, participants were issued a portable electronic device (PalmOne Zire 21, Palm Tungsten E2, or HTC TyTN II smartphone) to be used to capture EMA data. Participants completed prompts through the 12-week intervention phase and the 8-week maintenance phase. The device issued alerts at 4 randomly selected times during participants' waking hours each day, prompting the participants to complete a series of questions about mood and craving (ie, a random prompt entry). Each random prompt included the question ''What were you doing when the beep occurred?'' Participants were instructed to select all applicable responses. For the analyses reported here, we classified some responses as responsibilities (working, child/elder care, chores/hygiene) some as unstructured-time activities (watching TV/videos/DVD, listening to music, talking socializing, talking on the phone, sports/games/recreation, reading, internet, thinking, resting/sleeping, waiting), and the rest as ambiguous (shopping/errands, walking/riding/traveling, eating or preparing food). These categories were not part of the way the activity items were presented to participants.
Data Analysis
To examine the relationship between activities and treatment outcome, we operationalized treatment outcome as the longest period of continuous opioid abstinence from induction onto placebo or clonidine through the intervention phase. The longest period of abstinence was calculated as the maximum number of days between positive urines in the intervention phase, or from the beginning of clonidine/placebo administration to the first positive urine, or from the first negative urine to the end of the intervention phase, whichever was longer.
In generalized linear mixed models (SAS Proc Glimmix), we used treatment group (clonidine or placebo) and days of continuous abstinence to predict a repeated dichotomous outcome-reporting yes or no to indicate engaging in a given activity. We first analyzed the concomitants of engaging in any activity of a category (ie, any of the responsibilities, any of the unstructured-time activities, or any of the ambiguous activities). In these analyses, we used a Bonferroni correction to control for our making three comparisons, with differences considered significant when P 0.0167. In subsequent post hoc analyses, we examined each of the individual activities for the categories with a significant interaction. This was done to determine which of the specific activities in the category were driving the effect and whether there were other patterns within those behaviors that might suggest additional hypotheses. As these analyses were exploratory, we did not correct for multiple comparisons.
All analyses used a first-order autoregressive error structure and included a control term for the number of random prompts completed by each participant. The models included all the data from the 12-week intervention phase. For all analyses, we used a 2-tailed alpha of 0.05, except where Bonferroni-corrected as described above.
RESULTS
Participants
Participants completed a total of 7705 days of EMA and answered 24,322 random prompts in the intervention phase. This yields on average 3.16 prompts completed out of the 4 intended on average each day for a compliance percentage of 79%. Of the 118 participants randomized, 10 did not provide data for this analysis (7 placebo and 3 clonidine), because they dropped out of the study either during or shortly after clonidine/placebo induction and never received a device for EMA. As reported in earlier work, the 2 randomized groups did not differ on any relevant factors assessed before randomization (Table 1 : Kowalczyk et al., 2015) , and this holds true for the slightly smaller sample (n ¼ 108) who provided data for this analysis. Especially relevant to the groups' access to unstructured activities, we found no pre-study differences in their number of paid work days in the last 30 (clonidine 8.7 AE 9.0; placebo 8.4 AE 9.2, t (1,106) ¼ 0.21, P ¼ 0.84) or in marital status (never married: clonidine 65.5%; placebo 66.0%, x 2 ¼ 0.003, P ¼ 0.96). The 2 groups also did not differ in years of education (clonidine 11.9 AE 1.3; placebo 12.0 AE 2.1, t (1,80) ¼ À0.24, P ¼ 0.81). In this restricted sample, the average length of longest abstinence was 30.3 AE 24.5 days. The difference between clonidine and placebo participants remained in the same direction as the full sample, but was no longer statistically significant (clonidine 36.6 AE 28.2; placebo 29.0 AE 19.6, t( 102 ) ¼ 1.64, P ¼ 0.10). Figure 1 shows how often participants reported engaging in activities we categorized as responsibilities, unstructured, or ambiguous. There was a group by abstinence interaction for engaging in responsibilities (Fig. 1, panel  A) , whereby responsibilities were related to increased abstinence for placebo participants, but unrelated to abstinence for clonidine participants. There was a group by abstinence interaction for engaging in unstructured-time activities (Fig. 1, panel B) . In the placebo group, we saw the ''risk of unstructured time'' effect: participants who were more likely to engage in unstructured-time activities had fewer days of continuous abstinence. This association was reversed in the clonidine group: participants treated with clonidine who were more likely to engage in unstructured activities had more days of continuous abstinence. There was no interaction effect with the category of ambiguous activities (Fig. 1, panel C) ; for both study-drug groups, increased days of abstinence were related to engaging in this category of activities less. Figure 2 shows how often participants reported specific activities related to responsibilities. Reports of engaging in work (Fig. 2, panel A) were related to more days of abstinence, but this effect was only seen for the participants in the control condition. Reports of engaging in child or elder care (Fig. 2, panel B) were associated with more days of abstinence, but this effect was not different between the 2 groups. Reports of engaging in chores or hygiene (Fig. 2 , panel C) were associated with fewer days of abstinence, but this effect was only seen in the participants in the placebo group.
The Effect of Study-Drug Group and Days of Continuous Opioid Abstinence on Activity Categories
The Effect of Study-Drug Group and Days of Continuous Opioid Abstinence on Specific Responsibility Activities
The Effect of Study-Drug Group and Days of Continuous Opioid Abstinence on Specific Unstructured-Time Activities
Specific activities classified as unstructured uses of time are displayed in Fig. 3 . For these activities, days of abstinence generally interacted with study-drug group, such that participants in the placebo group showed a ''risk of unstructured time'' effect and participants in the clonidine group showed the reverse, with more unstructured use of time related to longer streaks of abstinence. This group by abstinence interaction was seen for reports of watching TV (Fig. 3, panel A) , talking/socializing (Fig. 3, panel B) , reading (Fig. 3, panel C) , internet usage (Fig. 3, panel D) , and thinking (Fig. 3, panel E) . Waiting (Fig. 3, panel F) was associated with fewer days of abstinence. Listening to music (Fig. 3, panel G associated with more days of abstinence for both placebo and clonidine groups, but the association was greater within the clonidine group. There was no significant group by abstinence interaction for sports/games/recreation ( Fig. 3 panel H) . Finally, reports of resting or sleeping (Fig. 3, panel I) showed the opposite pattern, with clonidine-group participants having a negative association between abstinence and reporting resting or sleeping and placebo-group participants having a positive relationship.
DISCUSSION
The present study replicated our previous findings (Epstein and Preston, 2012 ) that for participants receiving standard opioid agonist therapy, there appears to be a risk associated with spending time in unstructured ways: those who spent more time watching TV or socializing did more poorly in treatment. Notably, these associations extended beyond recreational activities, occurring also with activities such as waiting and thinking, but did not extend to resting and sleeping.
We suggest 2 reasons for this ''risk of unstructured time,'' both of which could contribute to clonidine's reversal of the effect. One of them, as we noted in the introduction, is boredom. In these analyses, we did not directly assess boredom, but in prior analyses, we showed that past hour boredom increases linearly in the 5 hours before cocaine use and heroin craving (Epstein et al., 2009) . As (Marlatt, 1996) discussed in his classic taxonomy of relapse triggers, unstructured time might lead to boredom, which patients might try to alleviate with drug use. A recent study of injection drug users in Baltimore City found high levels of boredom in one-third of the sample (German and Latkin, 2012) . Earlier studies comparing opioid users with users of other drugs suggest that feelings of boredom or emptiness (Malow et al., 1989) or boredom susceptibility (O'Connor et al., 1995) may be more common among opioid users. In both quantitative and qualitative studies, opioid users frequently attribute their use to boredom, both in terms of ongoing use and lapses during quit attempts (eg, Powell, 1973; Mullen and Hammersley, 2006; Phillips et al., 2014; Winstock et al., 2014) . Boredom during unstructured time (''leisure boredom''), in particular, has also been associated with drug use: in a nonclinical but resource-poor sample of adolescents, leisure boredom predicted greater use of alcohol, cigarettes, and marijuana (Isoahola and Crowley, 1991; Sharp et al., 2011) . Even in the general population, leisure time can lead to problematic increases in boredom (Iso-Ahola and Weissinger, 1987; Haller et al., 2013) .
A second more insidious possibility is that, during the using career of a recovering drug user, leisure activities may have become, or come to include, conditioned stimuli for drug use. This would be especially troublesome because addiction treatment, including treatment in our clinic, usually includes encouragement for patients to engage in nondrug-related activities (Kadden, 1995; Carroll, 1998) . For a patient with a long history of continuous use, there may be very few truly nondrug-related activities. This possibility is highlighted by findings from a recent EMA study of ''substance-specific'' and ''person-specific'' drug cues; whereas substance-specific cues encompassed items traditionally (or broadly) considered drug-associated (eg, syringes, bottles), person-specific cues included items that were seemingly innocuous and nearly unavoidable (eg, ''being in my backyard'') (Fatseas et al., 2015) . Many such person-specific cues could be embedded into leisure/unstructured-time activities like the ones assessed here. Thus, when counselors prescribe nondrug-related activities during recovery, they should probably confer with patients about the possibility of ''person-specific'' drug cues.
Whatever accounts for the association between unstructured time and shorter continuous abstinence, we found that the association was reduced or reversed by clonidine. Clonidine's effects on boredom and cues could help account for this 
FIGURE 2. The effect of the longest period of continuous opioid abstinence and treatment group on model-predicted likelihood of reporting engaging in specific responsibility activities. The y-axis represents the model-predicted likelihood of engaging in a specific responsibility at any random prompt. The x-axis represents the longest streak, in days, of opioid abstinence. In each panel, open squares are participants randomized to buprenorphine plus placebo, and the closed squares are participants randomized to buprenorphine plus clonidine. Error bars are 95% confidence intervals.
reversal. In the initial report for this clinical trial, we found that clonidine not only weakened the connection between stress and heroin craving, but also between the more general state of negative affect and heroin craving (Kowalczyk et al., 2015) . Negative affect encompasses negatively balanced states that are not necessarily high in arousal-one of which is boredom. We found (see Fig. S3 : Kowalczyk et al., 2015) that participants randomized to clonidine had less heroin craving at moderate levels of boredom, only reaching the same levels of craving as the placebo group at the highest level of boredom. At the same time, clonidine may have also mitigated the effects of drug-associated cues, including person-specific cues. In human laboratory studies, alpha-2 agonists block cue-induced craving (Sinha et al., 2007; Jobes et al., 2011; Fox et al., 2012) , and the alpha-2 antagonist yohimbine can enhance craving, especially in women (Sinha et al., 1999) . This effect may depend on CNS-mediated changes in the incentive motivational effects of the cues (Economidou et al., 2011) . Nonetheless, given that drug-cue exposure in humans can produce sympathetic activation accompanied by increases in anxiety (Sinha et al., 1999 (Sinha et al., , 2000 . Clonidine may also exert benefits by reducing autonomic responses to cues, thereby reducing their perceived salience. Such reductions in perceived cue salience could be mediated by central actions of clonidine as well (Ventura et al., 2008) . Future work with clonidine as an adjunct medication to buprenorphine for opioid treatment should consider carefully the combination's impact on boredom and cues to help describe the mechanisms behind the treatment effect. Whereas most activities grouped as unstructured were associated with a reversal or a diminishment of the risk of unstructured time in the clonidine group, 1 behavior bucked this trend. Higher frequency of resting or sleeping was associated with fewer days of abstinence in the clonidine group, but more days of abstinence in the placebo group. The clearest distinction between resting/sleeping and the other unstructured activities is that resting/sleeping implies some diminution of alertness, possibly to the point of unconsciousness, whereas all the other unstructured activities were conscious. There are both behavioral and pharmacological reasons that this difference might be important. It is possible that the greater likelihood of reporting work in the placebo participants with longer streaks of abstinence may have led to more need for rest. It is possible that the clonidine-treated participants with longer streaks of abstinence had less daytime sleepiness as opioid use (Angarita et al., 2016) and stress (Hirotsu et al., 2015) can be associated with sleep disturbances. Additionally, increases in opioid use may have compounded clonidine's sedating side effects in those with more opioid use (Stone et al., 2014) . Future studies of clonidine as an adjuvant medication for opioid use might examine reasons for resting and sleeping to clarify these findings.
Results from the participants randomized to standard buprenorphine treatment replicated prior findings, by our group and others, that time spent on job and familial responsibilities is associated with good treatment outcomes (Brewer et al., 1998; Silverman et al., 2002; Epstein and Preston, 2012) . Examining the individual behaviors highlight job and familial responsibilities, as this pattern was seen for working and child/eldercare but not for chores/hygiene. Surprisingly, participants in the clonidine condition did not have the same treatment benefits seen with engaging in responsibilities. Looking at the individual behaviors, we can see that this diminishment was related to a lack of the usual positive association between work-related activities and opioid abstinence. This dampening did not extend to child/eldercare responsibilities, which maintained a positive relationship statistically equal to that of the control group. Thus, the finding with work in the clonidine group may be spurious. However, it is certainly worth examining in any followup study.
Our analyses have significant limitations. First, our data are from a clinical trial that we had not designed specifically to address the relationship between poorer outcomes and unstructured time. A more rigorous approach to the question would require randomization to different ways of spending time. Although we think we have a sufficient convergence of evidence from multiple studies to refer to a risk of unstructured time, we cannot make airtight inferences about causation from a dataset in which participants self-selected into activities. This limitation is offset by the fact that comparisons between the randomized clonidine and placebo groups can be discussed in causal terms.
Second, like the trial itself, the EMA questions were not designed to separate responsibilities from free time, or structured from unstructured time, as has sometimes been done with items such as, ''I wanted to do it/I had to do it/I had nothing else to do'' (Csikszentmihalyi and Graef, 1980) . Therefore, we had to make assumptions about how different classes of activities were experienced, probably reducing the sensitivity of our analyses.
CONCLUSIONS
Our findings in the standard buprenorphine group are consistent with an old proverb that, in 1 variant, says ''idle hands are the devil's workshop.'' For participants in this group, engaging in more activities related to responsibilities for others (work and family) was associated with better outcomes, whereas more unstructured uses of time were associated with poorer outcomes. Clonidine seemed to protect participants from this effect-a finding that suggests it should be helpful not just for people who are undergoing moderate stress, but also for clients in recovery, who, due to underemployment or social isolation, face possibly risky amounts of unstructured time. A randomized or microrandomized trial (Klasnja et al., 2015) , with some experimental control over momentary activities, would be needed to confirm this suggestion.
